Epidemiological findings on the association between fruit and vegetable consumption and gastric cancer risk remain inconsistent. The present analysis included 810 prospectively ascertained non-cardia gastric cancer cases and 1,160 matched controls from the Helicobacter pylori Biomarker Cohort Consortium, which collected blood samples, demographic, lifestyle, and dietary data at baseline. Conditional logistic regression adjusting for total energy intake, smoking, and H. pylori status, was applied to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for gastric cancer risk across cohort-and sex-specific quartiles of fruit and vegetable intake. Increasing fruit intake was associated with decreasing risk of non-cardia gastric cancer (OR 5 0.71, 95% CI: 0.52-0.95, p trend 5 0.02). Compared to low-fruit consumers infected with CagA-positive H. pylori, highfruit consumers without evidence of H. pylori antibodies had the lowest odds for gastric cancer incidence (OR 5 0.12, 95% CI: 0.06-0.25), whereby the inverse association with high-fruit consumption was attenuated among individuals infected with CagA-positive H. pylori (OR 5 0.82, 95% CI: 0.66-1.03). To note, the small number of H. pylori negative individuals does influence this finding. We observed a weaker, nondose-response suggestion of an inverse association of vegetable intake with non-cardia gastric cancer risk. High fruit intake may play a role in decreasing risk of non-cardia gastric cancer in Asia.
research. [7] [8] [9] Some cohort studies and the majority of casecontrol studies have suggested that high intake of fruit and vegetables is inversely associated with gastric cancer risk, especially in non-cardia gastric cancers, while others have found no evidence of an association. 8, [10] [11] [12] [13] [14] [15] Thus, this research aims to better understand the association between fruit and vegetable intake and non-cardia gastric cancer incidence in a large consortium of prospective cohort studies in East Asia, with the consideration of H. pylori infection as a potential confounder or effect modifier.
Material and Methods

Study subjects
The current analyses comprise five prospective cohort studies from the Helicobacter pylori Biomarker Cohort Consortium (HpBCC) in the highest gastric cancer risk countries in East Asia-China, Japan, and Korea. Incident noncardia gastric cancer, the outcome in this study, was defined using the International Classification of Diseases for Oncology (including C16.1-C16.6, C16.8, and C16.9) and was ascertained through a combination of registry linkage and active followups. For all cohorts except for Shanghai Men's Health Study (SMHS) and Shanghai Women's Health Study (SWHS), incidence density sampling was used, with one control matched on sex, age, and date of biological collection chosen at random within each cohort for each non-cardia gastric cancer case from the appropriate risk sets consisting of all cohort members alive, free of cancer (except non-melanoma skin cancer), and with no history of a gastrectomy at the time of diagnosis of the index case. For SMHS and SWHS, the same sampling scheme was used, except that two controls for every case were selected.
Because this study focused on nutrition, some of Korean Cancer Prevention Study-II (KCPS) were excluded because of missing dietary data (n 5 178). We also excluded those with implausible total energy data, defined as an average daily energy intake of <500 or >4,000 kcal (n 5 7). To keep the matched sets in the analyses, the entire set was excluded if there was not at least one case and one control in each set (n 5 63). Our final analysis included 810 prospectively ascertained non-cardia gastric cancer cases with 1,160 matched controls from five cohorts: SMHS, SWHS, Japan Public Health Center-based Prospective Study I & II (JPHC I & II), and KCPS. [16] [17] [18] [19] Written informed consent was provided by all participants in the study. This study was approved by the Institutional Review Boards of Vanderbilt University (Nashville, TN); German Cancer Research Center (Heidelberg, Germany); Shanghai Cancer Institute (Shanghai, China); National Cancer Center (Tokyo, Japan); Yonsei University (Seoul, Korea).
Diet assessment
At baseline, a comprehensive food frequency questionnaire (FFQ) was administered for members of these cohorts. The FFQs for the SWHS and SMHS contained 77 and 81 items, respectively. 20, 21 The FFQs applied in these two studies were virtually identical with the exception of four additional items in the SMHS. For each food item or food group, subjects were asked how frequently they consumed the food or food group (daily, weekly, monthly, annually, or never) over the past 12 months and then reported the amount of consumption per unit of time in liangs (1 liang 5 50 g). In JPHC I, the FFQ had 44 items and the consumption frequency of fruit and vegetables was asked using 4 categories: <1 day per week, 1-2 days per week, 3-4 days per week, and almost daily (5 days or more/week). For the amount of fruit and vegetable consumption, the portion size and the content of each food item were determined based on the observed median values on diet data recorded over 14-28 days by participants. 22 In JPHC II, a revised version of the FFQ was applied. The intake frequency was changed to include five categories: never, occasionally, 1-2 days per week, 3-4 days per week, almost every day (5 days or more/ week). 14, 18 In KCPS, the FFQ contained 17 items for seven food groups: (1) fish, meat, eggs, and soy bean products; (2) milk and dairy products; (3) vegetables; (4) fruits; (5) cereals and potatoes; (6) sugars and candies; and (7) fats and oil. 23 The amount of each item typically consumed per day was investigated by trained dietitians using food models. While the number of each fruit consumed everyday was asked, the vegetable intake was measured using three categories: none, moderate (estimated at 70 g per day), or sufficient intake (estimated at 140 g per day). Finally, the portion size was evaluated according to the list of Korean food exchanges. 25 
Statistical methods
The present analysis includes 1,970 participants (810 prospectively ascertained gastric cancer cases with 1,160 matched controls). Because the measured intake levels of fruit and vegetables varied substantially in different cohorts in this study, cut points of dietary variable sex-specific quartiles were calculated based on the distribution of intake among controls in each cohort at baseline (Supporting Information  Table 7 ). Notably, in SMHS and SWHS, watermelon was excluded from the all fruit variable. This is because in these cohorts watermelon is eaten in great quantities, albeit seasonally, and accounts for almost half of all fruit intake. 13 Thus the contribution of watermelon to the all fruit variable, which is not on its own associated with gastric cancer risk, is large, and yet prone to measurement error. Furthermore, the watermelon intake alone was not associated with gastric cancer risk.
A series of conditional logistic regression models were constructed to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for gastric cancer risk across cohortand sex-specific quartiles of fruit and vegetable intake. Model 1 evaluated the odds of gastric cancer incidence by fruit or vegetable intake conditioned on matched case-control sets only, without adjusting for other variables. Then, in model 2 the potential confounders of smoking (never smoker, former smoker, and current smoker) and total energy intake (kcal/ day) were added. These confounders were chosen as they were associated with both the exposure (fruit and vegetable intake) and the outcome (gastric cancer incidence) but not in the causal pathway, and their inclusion significantly increased the model's fit. Model 3 adjusted for all variables in model 2 together with H. pylori status based on three categories of sero-positivity to H. pylori and CagA (H. pylori negative, H. pylori positive and CagA negative, H. pylori and CagA positive). Model 4 then adjusted for H. pylori using combined Omp and HP 0305 status (Omp and/or HP 0305 negative, Omp and HP 0305 positive), as these H. pylori proteins were previously found to be better markers than CagA of gastric cancer risk in our population. 26 With the same analysis strategy used in model 3, as an alternative, the data were calculated separately by study and then the results were pooled by meta-analysis. Education was evaluated as a potential confounder but not included in the final models, because it did not substantially alter the risk estimates (Supporting Information Table 5 and 6). Combined effect between fruit intake, and H. pylori and CagA status, or Omp and HP 0305 status, was calculated with adjustment of total energy intake, vegetable intake and smoking. We calculated Spearman's correlation coefficients (r) to assess colinearity between categorical variables. Tests for linear trend were performed by entering the categorical variables as continuous parameters in the models. Effect modification by either H. pylori and CagA status, or Omp and HP 0305 status was calculated using a likelihood ratio test to compare models with and without interaction terms. We also examined effect modification by sex and follow-up time (<5 vs. 5 years). Sensitivity analyses were performed excluding cases diagnosed within 1 year of biological collection and their matched controls. All statistical analyses were conducted with SAS statistical software version 9.4 (SAS Institute Inc., Cary, North Carolina). p values of <0.05 were considered significant and all statistical tests were two-sided.
Results
Among the 1,970 participants, 54.4% (n 5 1,072) were from China, 40.1% (n 5 790) were from Japan, and 5.5% (n 5 108) were from Korea ( Table 1 ). The median age at study entry was 59.5 years and the median follow-up time was 6.2 years. The median intakes for fruit and vegetables were 88.2 and 209.8 g per day, respectively. The majority of study participants were female (58.5%), nonsmokers (67.1%), seropositive to both H. pylori and CagA (83.7%), and seropositive to both Omp and HP 0305 (56.0%). Almost half of the population did not have a high school education (47.6%).
Among quartiles of fruit and vegetable consumption, the higher intake groups of both were more likely to be better educated (p < 0.01 for fruit and p 5 0.03 for vegetables, Table  2 ). Higher fruit consumption quartiles included more never smokers (p < 0.01). The differences among quartiles for fruit and vegetables in age, sex, and H. pylori status were not statistically significant.
Total fruit intake was inversely associated with noncardia gastric cancer risk in all four models in this study (p < 0.05, Table 3 ). In model 1, increasing consumption of fruit led to decreasing risks of noncardia gastric cancer with a 31% (95% CI: 0.53-0.90) reduction observed in the fourth quartile compared to the first (p trend <0.01). Similar trend (p trend 50.01) and reduction (OR 5 0.67, 95% CI: 0.50-0.90) were shown in model 2, which additionally adjusted for smoking status and total energy intake. After adding H. pylori and CagA status in model 3, the descending risk was still significant (p trend 50.02), as well as the reduction of risk (OR 5 0.71, 95% CI: 0.52-0.95). In model 4 adjusting for H. pylori using combined Omp and HP 0305 status instead of H. pylori and CagA, the association remained significant (OR 5 0.65, 95% CI: 0.48-0.88, p trend <0.01).
Despite a suggestion of an inverse trend with increasing vegetable intake, no significant linear association was found (Table 3) . We did observe a significant decrease in the second quartile in models 1 and 2 and in the third quartile in the first three models, but not in the fourth quartile.
If the data were calculated separately by study with the same variables adjusted in model 3, and then pooled by meta-analysis with fixed effect model, similar trend and reduction in both fruit and vegetable intake could be found (for fruit, Quartile 4 vs. 1, OR 5 0.65, 95% CI: 0.47-0.90, p trend <0.01, p for heterogeneity 0.16; for vegetables, Quartile 4 vs. 1, OR 5 0.92, 95% CI: 0.67-1.26, p-trend 5 0.43, p for heterogeneity 0.19).
Compared to CagA-positive H. pylori low-fruit consumers, the strongest inverse association of gastric cancer risk was amongst those high fruit consumers without evidence of H. pylori antibodies (OR 5 0.12, 95% CI: 0.06-0.25), whereby the inverse association by increasing fruit consumption was attenuated among individuals infected with CagA-positive H. pylori (OR 5 0.82, 95% CI: 0.66-1.03) ( Table 4 ). For the combination of fruit intake, and Omp and HP 0305, the lowest risk group appeared in Omp negative and/or HP 0305 negative high fruit consumers with 66% reduction in risk compared to dual sero-positive Omp and HP 0305 low fruit consumers (OR 5 0.34, 95% CI: 0.26-0.46). Similarly, the inverse association by elevating fruit intake was not statistically significant for both Omp and HP 0305 positive group (OR 5 0.79, 95% CI: 0.61-1.02).
No effect modification was found by sex, time from blood draw to diagnosis, or H. pylori strain (data not shown). Secondary analyses that examined the fruit and vegetable 
Discussion
The present study found that increasing fruit intake was associated with decreasing risk of non-cardia gastric cancer with adjustment for H. pylori. The most recent summary estimate from a meta-analysis of 22 cohort studies was 0.90 (95% CI: 0.83-0.98), comparing the highest to the lowest fruit consumption categories. 8 Though weaker, it is consistent with our finding (OR 5 0.71, 95% CI: 0.52-0.95). Our stronger findings may be due to the fact that we used a validated FFQ and adjusted for both smoking and dietary energy intake, all factors related to stronger associations in the metaanalysis cited above. 20, 21, [27] [28] [29] Among previously published prospective studies of fruit intake and non-cardia gastric cancer, two observed significant 32% to 33% decreases of risk in higher fruit consumers in all populations, somewhat stronger than the current study at a 29% reduction. 14, 30 One study 2 Conditional logistic regression with cases and controls matched on sex, age, and date of biological collection, adjusted for smoking, total energy intake, and fruit intake or vegetable intake (whichever one is not the main exposure). 3 Conditional logistic regression with cases and controls matched on sex, age, and date of biological collection, adjusted for smoking, total energy intake, H. pylori and CagA status (H. pylori negative, H. pylori positive and CagA negative, H. pylori and CagA positive), and fruit intake or vegetable intake (whichever one is not the main exposure). 4 Conditional logistic regression with cases and controls matched on sex, age, and date of biological collection, adjusted for smoking, total energy intake, Omp and HP 0305 status (Omp and/or HP 0305 negative, Omp and HP 0305 positive), and fruit intake or vegetable intake (whichever one is not the main exposure). 
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found this association (50% reduction) only in men while another study with all male smokers also observed similar findings (49% reduction). 13, 15 In our study, the association of fruit and gastric cancer was stronger for men than for women, but it was not significantly different (Quartile 4 vs. 1: OR 5 0.70 for men, OR 5 0.75 for women). In four European studies and one Japanese study, a non-significant suggestion of an inverse association was observed, with OR ranging from 0.75 to 0.90. 9, [31] [32] [33] [34] One American study found no association with fruit intake, although more than half of all cases were diagnosed as cardia tumors, rather than only noncardia gastric cancer. 10 Notably, H. pylori status was not considered in these studies. As the strongest known risk factor for gastric cancer and its precursors, it is estimated that about 80-90% of gastric cancer cases could be attributed to H. pylori infection. 2, 35 Compared with H. pylori negative subjects, the amount of antioxidants in plasma, such as beta-carotene, vitamin C, and vitamin E, has been found to be lower among H. pylori positive subjects. 36 It has been suggested that with antioxidant properties, fruit and vegetables potentially ameliorate the effects of H. pylori by protecting the gastric epithelium from inflammatory response and preventing endogenous nitrosation. 37 In our study, the inverse association between fruit intake and non-cardia gastric cancer was most evident among high-fruit consumers not infected with a high-risk H. pylori (dual positivity to H. pylori and CagA, or dual positivity to Omp and HP 0305). Similar results were seen in the two case-control studies that examined the combined effect of fruit intake and H. pylori status. 4, 38 Specifically, compared to the H. pylori-negative high-fruit group, the H. pylori-positive low-fruit group showed an increased risk in gastric cancer (OR 5 2.0, 95% CI: 1.2-6.7 in China; OR 5 10.6, 95% CI: 3.3-33.9 in Japan). The wide confidence interval in the Japanese study may be due to the small number of H. pylori negative cases (n 5 10) included in the study. Additionally, the high OR in the Japanese study could be associated with the selection of controls based on participation in a health checkup program, resulting in a particularly healthy comparison group with an unusually low prevalence of H. pylori for this population. If we attempt a similar categorization in the present study, we also find a strong increased risk of gastric cancer among H. pylori-positive low-fruit individuals, as compared to H. pylori-negative high-fruit group (OR 5 7.93, 95% CI: 3.93-16.01).
Vegetable consumption, in the present study, showed a weaker, non-dose-response suggestion of an inverse association for noncardia gastric cancer. This finding is consistent with other comparable prospective cohort studies, except one Swedish study, which found a significant inverse association. 9, 10, [13] [14] [15] [30] [31] [32] [33] [34] A suggestion of a nonlinear association with vegetable intake was also found in the most recent meta-analysis. 8 Some studies suggested a threshold effect where the protective effect may not increase in a stepwise manner as the consumption increases. 13, 14 This hypothesis was supported by our study, whereby only individuals in the third quartile of vegetable intake had a significant reduction in gastric cancer risk. While findings for the other quartiles suggested a similar decrease in risk, it was not statistically significant. Moreover, in Asia vegetables are typically consumed after cooking, which may change the availability of some nutrients, destruction of digestive enzymes, and the structure and digestibility of food. 39 Beyond gastric cancer, fruit and vegetable intake has also been found to be associated with other cancers. For example, the most recent summary estimate of lung cancer risk from two meta-analyses found that increasing fruit and vegetable consumption was inversely associated with lung cancer risk (for fruit intake, relative risk (RR) 5 0.80 (95% CI: 0.74-0.88) and 0.84 (95% CI: 0.79-0.90), respectively; for vegetable intake, RR 5 0.74 (95% CI: 0.67-0.82) and 0.90 (0.84-0.96), respectively). 40, 41 Another meta-analysis found the relative risk of bladder cancer to be decreased both for fruit intake (RR 5 0.81; 95% CI: 0.73-0.89) and for vegetable intake (RR 5 0.84; 95% CI: 0.72-0.96). 42 Citrus intake, specifically, has been found to be associated with reduced risk of esophageal cancer (OR 5 0.63, 95% CI: 0.52-0.75). 43 However, the association between fruit and vegetable consumption and colon or rectal cancer was not found in an European study with >10-year follow-up. 44 There are a number of limitations to the present analyses. The follow-up time in this study was relatively short (median follow-up time, 6.2 years). One meta-analysis found that longer follow-up time may lead to a stronger association in fruit intake (RR 5 0.82 for all participants; RR 5 0.66 for those with follow-up period 10 years). 11 In our study, when stratifying by follow-up time (5 years and <5 years), we observed similar trends, as the longer follow-up group obtained a lower OR for high fruit intake (Quartile 4 vs. 1: OR 5 0.63 and 0.78, separately). And in our study, we did not have the data for the specific types of fruit and vegetables from each cohort study. Previously a paper from our group discussed the association between the types of fruit and vegetable consumption and risk of gastric cancer in SMHS and SWHS, and no significantly differing results could be observed by specific fruit or vegetable type. 13 A similar conclusion was found in another paper from our Japanese coauthors. 31 Additionally, socioeconomic status (SES) and alcohol intake have been regarded as potential risk factors for gastric cancer. 45 When we focused on participants without missing values in education variables (n 5 1,555), the most common SES variable in relevant studies, current trends were maintained (p trend 50.04 for fruit and p 5 0.22 for vegetables; Supporting Information Table 5 ). Unfortunately, we have limited information on alcohol consumption, which has been hypothesized to play a role by some epidemiology studies. 46, 47 However, only a small proportion of Asian women drink alcohol, thus potential confounding by this variable in women is likely to be small. 16, 19, 48 Also, we only evaluated dietary intakes and did not include vitamin or mineral supplements. In Asia, the rate of vitamin supplement intake is 7.1-15.3% for different regions. [49] [50] [51] Most previous intervention studies for vitamin supplementation did not observe significant results for decreased gastric cancer risk. 52 We also did not have soy food intake for all cohorts, which has been previously found to be associated with gastric cancer risk in Asian populations. 53, 54 However, when soy food intake was added into the model among those for whom we had soy data (the SWHS and SMHS), the fruit and vegetable associations with gastric cancer did not change. Finally, because the two exposures, diet and H. pylori status, were assessed at the same time point, we are not able to assess causality between these two factors, a separate but also interesting question.
Our study had several strengths, including its prospective design, large study size, wide range of fruit and vegetable intake, and adjustment for most gastric cancer risk factors, especially the infection of H. pylori. To our knowledge, it comprises the largest number of prospectively ascertained non-cardia gastric cancer cases to examine the association of fruit and vegetable consumption with gastric cancer risk with adjustment of H. pylori in the high-risk region of East Asia. Additionally, we focused our analyses on non-cardia gastric cancer, which is the dominant type of gastric cancer in Asia and has a potentially different etiology compared to cardia gastric cancer. 55 In conclusion, this large prospective study in East Asia confirms the previous research and provides additional evidence that, even after adjusting for H. pylori, the major causal factor for gastric cancer, increased fruit consumption is inversely associated with non-cardia gastric cancer. Our study also suggests that increasing fruit intake may be more beneficial in gastric cancer prevention among individuals in East Asia not infected with the more virulent, CagA-positive strains of H. pylori, a finding that warrants replication.
